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Outline
• Overview of basic epidemiology & theory guiding this work
• Working Examples
• Lead exposure and crimes in St. Louis, Missouri, USA
• Lead exposure and sexually transmitted infections in St. Louis, Missouri, USA
What is Epidemiology?







I keep six honest serving-men
(They taught me all I knew);
Their names are What and Why and When
And How and Where and Who.
-Rudyard Kipling (1865-1936)
Key Concepts of Epidemiology
• Health and disease are not randomly distributed
• Disease causation in multifactorial
• Health inequalities or health inequities
• Systematic and preventable
Social Determinants of Health
“Conditions in the environments in which people 
are born, live, work, play, worship, and age that 
affect a wide range of health, functioning and 
quality-of-life outcomes and risks”
- Healthy People 2020
Social-Ecological Model
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Place Matters
Working Example
Sources of Lead (in the U.S.)
• Lead paint (Banned in 1978) 
• Water
• Work Exposure 
• Gasoline (not anymore)






• Lunchboxes made of vinyl
Elevated Blood Lead Levels (EBLLs)
• 2007-2010: 535,000 (2.6%) kids ages 1-5 
years have EBLL
• 1997-2001: >80% of kids with EBLL were 
of minority race/ethnicity
• Higher among people in substandard 
housing ~ disadvantaged individuals (6% 
of poor kids and only 0.5% of wealthy kids 
with EBLLs)
• Blacks are 3x more likely to have EBLL than 
whites
There is no safe level of exposure
Exposure in children
• Learning disabilities (lower 
intelligence)
• Attention deficit disorders (ADD)
• Behavior issues
• Nervous system damage
• Speech and language impairment
• Decreased muscle growth
• Decreased bone growth
• Kidney damage
Exposure in Adults
• Illness during pregnancy
• Harm to fetus (brain damage, death)
• Fertility problems in men and women
• High blood pressure
• Digestive issues
• Nerve disorders
• Memory and concentration problems
• Muscle and joint pain
*High levels of exposure – seizures, unconsciousness, death
Geographical Variation of Exposure
• http://www.vox.com/a/lead-exposure-risk-map
Primary Research QuestionS
• What is the geographic relationship between aggregate blood lead 
levels and aggregate crime?
• Are there differences between violent AND non-violent crimes?
Lead Exposure Data
• Blood lead tests performed by Missouri Dept of Health and Senior Services from 1996 to 
2007 (n=59,645)
• Venous tests (capillary if all that was available)
• Children <72 months old
• Not random, screening rates varied by year (44.2% screened in 2007)
• Pattern of testing and # of elevated blood tests were consistent across years of the data
• Note: used highest measurement for households with multiple measures on same day 
Crime Measurement
• Federal Bureau of Investigation’s Unified Crime Report 2010-2012
• St. Louis Metropolitan Police Department
• 90,433 locations where crimes occurred (95% of all crimes geocoded)
• Classified as violent (n=15,734) or non-violent (74,699)
Other Covariates
• Concentrated Disadvantage
• Principal Components analysis of 7 variables from US Census
• Factor explained 75.5% of variance of 7 variables
• Standardized and weighted for use in regression
• Interaction term
• Concentrated Disadvantage * Elevated Blood Lead Levels
METHODS: Areal-based Models
• Focus on polygons and their adjacency
• Public health policies often are made at the state, county, city levels
• Can readily incorporate other data sources
• Easy to communicate findings (usually with a map)
Spatial Regression
• Spatial autoregressive model
• Structured Autoregressive (STAR) Model via BayesX (accessed through R)
• Assumes a Poisson distribution
• Accounts for spatial autocorrelation (spatial adjacency) via random effect
• Accounts for spatial autocorrelation and covariates simultaneously
• Uses Markov Chain Monte Carlo simulation to estimate parameters 
• Provides adjusted estimates of risk 
Study Area: St. Louis City County, MO
Geographic Distribution - Lead
Geographic Distribution - Crimes
Aggregated Measures
STAR Model Results
Smoothed RR map of crime in St. Louis, MO
What about lead exposure and STIs?
Data
• Cases of gonorrhea & chlamydia during 2011 (Missouri DHSS)
• Condom vendors per tract (Shacham et al., 2015)
• Alcohol outlets per tract (State of Missouri Data Portal, 2008)
• Same lead data
• Same crime data
• Same concentrated disadvantage measure

Note: Sparse sglmm model

Limitations
• Temporal mismatch of data
• Ecologic Fallacy
• Modifiable Area Unit Problem (MAUP)
• Causality?
Conclusions
• Lead exposure is bad – no matter how you slice it
• Lead exposure as a child may influence events much later in the life course
• Accounting for spatial structure is necessary when data are collected in 
spatial contexts
• It is time to include spatial info in ALL research studies
• Never been a more exciting time to do research
Thank You! Questions?
